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Chen et al. (2003) similarly found expression of
intestinal specific genes to be lower in EBV (+) stomach
cancers, as compared with EBV (-} lesions. Regarding
the regulation of MUC2 expression, Yamamoto et al.
(2003) have demonstrated that Cdx2 interacts with the
MUC2 promoter and activates MUCZ transcription. Lee
et al. (2004) have previously shown that there is negative
association between EBV infection and expression of
MUC?2 in stomach cancers, again in line with the our
present data (Table 2). Therefore, we consider that the
absence of Cdx2 and MUC?2 is linked in EBV (+)
stomach cancers.

We also here demonstrated that stomach cancers are
more likely to be of N type in the EBV (+) group, in line
with the previous report that EBV (+) stomach cancers
have lower MUCSAC and MUCZ expression than their
EBV (-} counterparts (Lee et al., 2004). EBV associated
stomach carcinomas are reported to lack intestinal
phenotypic expression (Chen et al., 2003) and most EBV
{(+) stomach cancers were here classified phenotypically
as N or G types (Table 3). Nakamura et al. (2005) also
previously showed the G type to be more common in
EBV (+) cases.

Several reports have shown that EBV (+) stomach

Table 6. Comparison of phenotypic markers in differentiated and undifferentiated regions in EBV (+) and EBV (-} stomach cancer cases.

Phenotypical marker expression in each region

Case No. EBER-ISH Histology Phenaotypes in total area > region U region Ratio of N types in U region?
1 + D>U G G N N=3/6 {50%)
2 + D>U I 1 |
3 + u=D G G G
4 + U=D G G G
5 + UsD G G N
6 + U=D | | N
1 - DU Gl Gl Gl N=0/9 (0%)
2 - D=y 1 t b
3 - u=D G €] G
4 - u=D G G G
5 - us=D G G G
5 - UsD Gt Gl Gl
7 - U=D Gl Gl I
8 - U=D Gl Gl |
g - U=D 1 1 |

2, P().02 (Fisher's exact test). Abbr.: D, differentiated; U, undifferentiated; G, gastric; |, intestinal; G, gastric-and-intestinal-mixed; N, null.

é;@* Fig. 2. An EBV {-)
£ <, stomach cancer. A. HE
« staining. B. Cdx2
4 nuclear staining is
positive in some cancer

* expression is detected in
the cytoptasm of some
tumor cells. 1.
MUCSAC is present in

. the cytoplasm of the

4 cancer cells. EMUCG is
v apparent in the
cytoplasm of some
tumor cells. F. EBER-1
is negative in the nuclei
1 of the cancer cells.

x 200; EBER-1, EBV-
! encoded small RNA-1.

&
p
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cancers are most often undifferentiated histo-
pathologically, according to the Japanese Classification
of Gastric Carcinomas {Yanai et al., 1997; Wu et al.,
2000; Lee et al., 2004). EBV (+) stomach cancers are
more frequently moderately differentiated tubular
adenocarcinomas (tub2}, and solid poorly differentiated
adenocarcinomas (porl) as compared with other
histological types (Camrascal et al., 2003). To avoid bias,
phenotypic expression was here evaluated in
morphologically matched samples for EBV (+) and EBV
{-) cases.

Regarding the histogenesis of EBV associated
stomach cancers, Fukayama et al. (2001) previously
suggested the hypothesis that they develop by clonal
expansion of rare EBV-infected epithelial cells within
stomach mucosa. EBV infection of intestinal metaplastic
cells is unlikely (Fukayama et al., 2001). We have
argued that the origin of stomach cancers is from
progenitor cells specializing towards mucous
differentiation in the fundic/pyloric glands, rather than
intestinal metaplastic glands (Tatematsu et al., 2005).
With EBV infection the histogenesis may be from cells
that are specialized towards mucous differentiation in the
fundic/pyloric glands, harboring neither typical gastric
nor intestinal phenotypic expression.

In the present study, inflammatory response in the
surrounding non-neoplastic mucosa was not statistically

different between EBV (+) and EBV (-) cases. So EBV
may not have significantly induced inflammatory cell
infiltration in our Columbia cases. The Cdx2 expression
in the intestinal metaplastic glands was also lower in
non-neoplastic mucosa of EBV (+) cases, despite no
EBV infection being observed by in situ hybridization.
However, the presence of EBV in non-carcinomatous
surrounding mucosa of EBV (+) stomach cancers has
been detected by immunostaining of EBNA-1 and latent
membrane protein 1 (LMP-1) (Yanai et al., 1997a,b).
Hayashi et al. (1996} detected EBV in gastric glands
with IM. Yanai et al. (1999) reported the evidence that
all eight lesions of EBER-1-positive gastric carcinomas
had intestinal metaplasia in the background among 8
EBER-1-positive stomach carcinomas. In contrast,
Kaizaki et al. (1999) reported that only 13% of EBV (+)
stomach cancers were surrounded by intestinal
metaplasia, in contrast to 41% of EBV (-) ones. Zur
Hausen et al. (2004) concluded that EBER-1/2
transcripts were restricted to the carcinoma cells in
accordance with exclusive positivity of EBNA-I
immunohistochemistry (IHC) to the tumor cells.
Negative LMP-1 THC in all cases tested and absence of
EBER-1/2 transcripts in prencoplastic gastric lesions
(intestinal metaplasia and dysplasia) strongly suggested
that EBV could only infect neoplastic gastric cells,
indicating it as a late event in gastric carcinogenesis.

Fig. 3. Expression of MUC2 and Cdx2 in intestinal metaplastic glands in tissue surrounding adenocarcinomas, EBV (+) (A-C) and EBV (-) (D-F)
stomach cancers. A and D. HE staining. B and E. MUC2 is detectable in the cytoplasm of intestinal metaplastic glands. C and F. No Cdx2 nuclear
staining in intestinal metaplastic glands in an EBV {+) case {C) in contrast to apparent nuclear staining in an EBV (-} case. x 200,

78—
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Thus down regulation of Cdx2 might not be due to
infection of EBV to the surrounding mucosa. EBV (+)
stomach cancer and surrounding intestinal metaplasia
were similar to down regulation of Cdx2. We considered
EBV might have infected the progenitor cell or stem ceil
after late event in gastric carcinogenesis and intestinal
metaplasia, and the down regulation of Cdx2 were
similar mechanism to EBV (+) stomach cancer and
surrounding intestinal metaplasia. Further studies of
EBYV infection in non-neoplastic stomach epithelia
appear warranted.

In conclusion, EBV (+) stomach cancers are
characterized by a relative lack of intestinal phenotypic
expression, including Cdx2, and only occasional
presence of gastric phenotypic expression. The
progenitor cell may thus be specialized towards mucous
differentiation in the fundic/pyloric glands.
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Abfstract

It has been reported that lymphatic invasion is a
predictor for lymph node metastasis in early gastric
cancer (EGC); however, it has been impossible to
differentiate between lymphatic invasion and blood
vessel invasion using current staining technigues.

We studied the significance of lymphatic invasion
on regional lymph node metastasis in EGC by using
human Iymphatic vessel endothelial hyaluronan
recepior-1 (LYVE-1) antibody, specific to lymphatic
vessels, and von Willebrand factor (vWF} antibody,
specific to the blood vessels, to clearly distinguish
these vascular tissues.

EGC tissues were obtained from 66 node-positive
and 66 node-negative subjects and were matched by
age and sex. These tissues were immunostained with
antibodies against LYVE-I and vWF. Multivariate
logistic regression analysis demonstrated that lymphatic
invasion was a significant independent predictor for
regional lymph node metastasis (odds ratio, 4.667; P =
.0094), whereas blood vessel invasion was not. Thus,
Iymphatic invasion identified by LYVE-1 antibody could
predict the existence of regional lymph node metastasis
in EGC.

82 AmJ Ciin Pathol 2007,127.82-48
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The postsurgical 5-year survival rate for patients with
early gastric cancer (EGC) is more than 90%!; however, in
approximately 10.2% to 14.4% of EGC cases, cancer metas-
tasizes to the regional lymph nodes, causing patient death due
to subsequent systemic spread.?>-'® Lymph node metastasis
has emerged as a significant independent indicator of poor
long-term survival in EGC."!!

Recent availability of endoscopic techniques and laparo-
scopic resection for patients with EGC has improved the qual-
ity of life by minimizing invasive procedures.>”!%16 However,
there is no method to precisely predict the existence of lymph
node metastasis without using invasive procedures, thus limit-
ing the use of minimally invasive techniques.

Among the routes by which EGC can metastasize to
regional lymph nodes, metastasis through the lymphatics at
the primary site is a major candidate. Although there are many
small lymphatics and blood capillaries present at the primary
site in gastric cancer, it is difficult to distinguish between these
2 vessels by using H&E staining.!” However, we recently
developed a polyclonal antibody against human lymphatic
vessel endothelial hyaluronan receptor-1 (LYVE-1; to be
released by DakoCytomation, Glostrup, Denmark, in 2007),
an immunohistochemical marker that enables us to recognize
Iymphatics.?®* Thus, it has become possible to distinguish
objectively between the 2 types of vascular tissues by
immunohistochemical analysis for LYVE-1 and von
Willebrand factor (vWFE).

In this study, we attempted to examine the significance of
lymphatic invasion as a predictor for regional lymph node
metastasis by performing immunohistochemical techniques
using the LYVE-1 antibody.

© American Society for Clinical Pathology



MMaterials and Methods

The materials were surgical samples of stomach and
regional lymph nodes obtained from 66 patients who had
undergone curative resection for gastric cancer at Toho
University Hospital, Tokyo; the National Defense Medical
College Hospital, Tokorozawa; Saiseikai Kanagawa-Ken
Hospital, Yokohama; Hiratsuka Municipal Hosgpital,
Hiratsuka; and Ida Municipal Hospital of Kawasaki City,
Kawasaki, Japan, between January 1989 and December 2004.
Histopathologic examination of all 66 node-positive speci-
mens confirmed that although the cancer had invaded only the
mucosa and submucosal layer of the stomach, it had metasta-
sized to the regional lymph nodes. Among the cases with
Iymph node metastases, only 12 (18%) had intramucosal car-
cinomatous invasion and 54 (82%) had invasion extending to
the submucosal layer.

Of the 66 patients, 51 underwent partial or subtotal gas-
rectomy and 15 underwent total gastrectomy. Curative sur-
gery was defined as the removal of all gross cancers and the
demonstration of tumor-negative surgical margins by micro-
scopic examination of the total circumference. The patients
weie free of other types or degrees of invasion, distant viscer-
al metastases, and complications due to other visceral cancers.
The patients were not given chemotherapy preoperatively.
Stomach specimens from 594 patients with EGC but without
regional lymph node metastasis were extracted from the
archives and used to identify age- and sex-matched control
cases for each of the node-positive patients; 66 such controi
cases were finally sorted at random and used in this experi-
ment. Of the 66 cases without lymph node metastases, 40
{61%) had invasion restricted to intramucosal carcinomatouns
invasion and 26 {39%) had invasion extending to the submu-
cosal layer. Written informed consent to use the tissue samples
was obtained from all patients.

The surgically resected stomachs were generally opened
along the greater curvature, pinned on a cork board, and fixed
in 10% formalin. After careful gross inspection and photog-
raphy, each tumor was cut into 4-mm slices paratlel to the
major axis of the specimen and also cut parailel to the minor
axis at the half-way mark of the major axis. if the tumors
were smaller than 30 mm, all slices from the tumor were
used; however, if the tumors were larger than 30 mumn, only the
slices obtained from the center of the tumor were used. The
first cut was made in the middle of the tumor, followed by
cuts above and below the middle mark 1o obtain the aecessary
slices. First, 1 horizontal row across all blocks and 2 rows
each above and below the first row were sliced thin. The
slices were embedded in paraffin, cut into 3-um-thick sec-
tions, and treated by double staining with Victoria biue and
HE&E dyes to aid the identification of blood vessel structures,
especially with regard to veins.

© American Society for Clinicat Pathology
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Immunechistockemical Analysis

Immunchistochemical staining with the LYVE-1 anti-
body, previously raised against a LYVE-1 polypeptide frag-
ment,'? was carried out after dewaxing and dehydration of the
thin-sectioned specimens. The sections were pretreated with
10 mmol/L of citrate buffer solution (pH 6.0} for 15 minutes
at 95°C and then with 40 pg/ml of Proteinase K (DAKO,
Carpinteria, CA) for 3 minmutes at room temperature. After
washing in distiiled water, the sections were incubated with
LYVE-1 antibody (diluted 1:200) for 1.5 hours at room tem-
perature, washed in tris(hydroxymethylaminomethane (Tris)-
buffered saline (TBS) containing polysorbate 20, and treated
with the Catalyzed Signal Amplification II kit (DAKO)
according to the manufacturer’s instructions. The immuno-
staining was visualized with diaminobenzidine tetrahy-
drochloride, followed by counterstaining with hematoxylin.

For vWF immunohistochemical staining, the sections
were dewaxed, dehydrated, and pretreated with 10 mmol/L of
citrate buffer solution (pH 6.0) for 15 minutes at 95°C. After
washing in TBS, they were treated with 3% hydrogen perox-
ide for 10 minutes and then with 3% nonfat dried milk in TBS
containing polysorbate 20 for 30 minutes. The sections were
then incubated with antihuman vWF antibody (diluted 1:25;
DAKOQO) for 2 hours at room temperature. A further wash in
TBS was followed by treatment with a peroxidase-labeled
polymer conjugated to goat and antirabbit or antimouse
immunoglobulins (EnVision+ kit, DAKO) for 30 minutes at
room temperature. The immunostaining was visualized with
diaminobenzidine tetrahydrochloride, followed by counter-
staining with hematoxylin.

Histopathologic Variables

We assessed the relationships between the following
histopathologic variables: location, size, grade of differentia-
tion, cancerous ulceration, and lymphatic and blood vessel
invasion. For size of the cancer, the major axis of the primary
EGC lesion was measured. For grade of differentiation, the
histopathologic type at the primary site was categorized as
papillary adenocarcinoma, well-differentiated adenocarcino-
ma, moderately differentiated adenocascinoma, peorly differ-
entiated adenocarcinoma, and signet-ring cell carcinoma
according to the World Health Organization classification
with Japanese modification.!? For statistica] treatments, we
identified the first 3 types of differentiation as a low-grade
malignancy group and the latter 2 types as a high-grade malig-
nancy group according to the conventionally accepted rela-
tionship between the type of cancer and biologic behavior
based on histopathologic classification.

For this analysis, vascular invasion was defined as inva-
sion and adherence of cancer cells to the inside cell walls of
the fymphatic or blood vessels. Lymphatic and blood vessel
invasion was considered to be present when we could observe

Am.J Clin Pathol 20077278288 83
DOI: 10.1309/L.JQ9GGXEKP17QXP3



Fufmoto et af / LYVE-1 PrepicTs LyMeH NODE METASTASIS N EGC

at least 1 vessel invaded by cancer celis. We examined the
location of lymphatic and blood vessel invasion by imaging an
entire primary ftumor. After immunostaining for endothelial
cells of lymphatic and blood vessels, double staining with
Victoria blue and H&E dyes was also used to aid the identifi-
cation of elastic fibers in the vein.

For all histopathologic variables, each macroscopic
record and microscopic slide was analyzed by pathologists
(A.E, Y.L, and T1) to reach consensus.

Statistical Methods

Statistical analyses were performed using the ¥? test,
Fisher exact test, and the Mann-Whitney U test {0 assess the
significance of the impact of each subset of histopathologic
variables on lymph nede condition. Univariate and multivari-
ate logistic regression analyses were carred out to identify
independent predictive factors for lymph node metastasis.
Differences at a P value of less than .05 were considered sta-
tistically significant. The StatView program (SAS Institute,
Raleigh, NC) was used for all analyses.

Results

Comparison of Variables Between Node-Negative and
Node-Peositive Groups

Differences in histopathologic variables between node-
negative and node-positive groups are given in BTable 18, For
tumor size, the Mann-Whitney U test revealed a significant

HTable 18
Comparison of Histopathologic Parameters by Lymph Node
Status in Early Gastric Cancer

Node Status
Negative Positive
Variables (n = 69) {n = 66) P
Location of primary cancer in gastric surface area NS®
Upper third 10 {15} 13 (20
Middle third 41 (62 29 {44)
L ower third 15 {23) 24 {36)
Mean size (mmy) 26.9 371 0005
Cancerous ulceration 13020 23 (35) NS*
Grade of cancer differentiation .0235*%
Low-grade malignancy 43 {65) 33 (50}
High-grade malignancy 23 (35) 33 (60}
tymphatic invasion 61{9) 21 (32) .0021%
Blood vessel invasion 4{6) 13 (20} .0352*

NS, not significant.

"2 test.

t Mann-Whitney [/ test,
¥ Fisher exact test.

difference between the groups (P = .0005). There was a sig-
nificant difference in cancer differentiation between the
groups as assessed by the Fisher exact test (P = .0235).
Furthermore, the node-negative group had differentiation pre-
dominantly in the low-grade malignancy range compared with
the node-positive group.

The 2 varieties of vessels were easily distinguished by
LYVE-1 Himage 1AB and vWF BImage 1B immunostaining.
The frequencies of lymphatic and blood vessel invasion were
both significantly greater in the node-positive EGCs than in

'l A

Hlmage 18 Discrimination of lymphatic vessels from blood vessels at the same site of a normal mucosa. A, Lyrmphatic vessel is

ined with lymphatic vessel endothelial hyaluronan receptor-1-positive endothelial calls just beneath the lamina muscularis
mucosae (arrows) {x400). B, Blood vessel is lined with von Willebrand factor—positive endothelial cells at the same site as in A,
There is a blood vessel containing blood components within its lumen {arrows) (x400).

88 AmJClin Pathol 2007:127:82-88
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the node-negative EGCs (P = .0021 and P = 0352, respective-
ly; Fisher exact test). On the other hand, there was no signift-
cant difference in the frequency of lymph node metastasis for
location of cancer in the stomach and cancerous ulceration.

Univariate and Multivariate Logistic Regression Analyses
of Histopatheologic Variables as Predictors of Lymph
Node iMetastasis

The size of cancer, a low grade of cancer differentiation,
lymphatic invasion, and blood vessel invasion were significant
independent predictors for lymph node metastasis by univari-
ate logistic regression analysis BTable 28. When multivariate
analysis was undertaken on these 4 factors, significant predic-
tors were size of primary cancer and lymphatic invasion
ETable 34.

Observation of Lymphatic and Bleod Vessel Invasion

Of the 66 cases with lymph node metastases, 21 had Iym-
phatic invasion and 13 had blood vessel invasion. Of the 66
cases without lymph node metastases, 6 had lymphatic inva-
sion and 4 had blood vessel invasion. In 9 cases, lymphatic
and blood vessel invasion were present.

We studied the spatial distribution of lymphatic and blood
vessel invasion in relation to structure of the gastric wall of the
primary cancer for the 132 node-positive and node-negative
EGCs. Lymphatic invasion was mainly recognized just
beneath the lamina muscularis mucosae (15/27 [56%]1) Bimage
2AE and Blmage 2BE and in the submucosa (only in submucosa,
8/27 [30%]; in lamina muscularis mucosae and submucosa,
3/27 [119%]) and rarely occurred only within the mucosa (1/27
[4%)]). When Lymphatic invasion was assessed in terms of the
portion of the primary cancer, it was frequently seen at the
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cancer periphery (17/27 [63%]) and in the central and periph-
eral portions (6/27 [22%]) of the cancer. Lymphatic invasion
alone was rare in the central part of the cancer (4/27 [15%}]).

Blood vessel invasion was mostly recognized in large
blood vessels that exhibited a venous structure, which exists
within the submucosa (12/17 {71%]) Blmage 3A8. When blood
vessel invasion was assessed in relation to the portion of the
primary cancer, invasion was seen in the central and peripher-
al portions (4/17 [24%}), in central portions (7/17 [41%]), and
at the periphery (6/17 [35%]) of the primary cancer at almost
equal frequency. vWF staining Bhmage 3BE was used to identi-
fy only 1 case of invasion by cancer cells in the blood vessel,
whereas the other 16 cases were analyzed by double staining
with Victoria blue and H&E dyes.

Discussion

The present study is the first in which the significance of
Iymphatic invasion identification on regional lymph node
metastasis in EGC was investigated by using immunohisto-
chemical markers for lymphatic and blood vessels simultane-
ously. Immunostaining using LY VE-1 antibody enabled us to
objectively distinguish the presence of lymphatic and blood
vessels at the site that are apt to be overlooked as vacant inter-
stitial spaces when using only H&E staining. In fact, by using
this new antibody, we could observe considerably more lym-
phatics invaded by cancer cells compared with conventional
staining methods.

The size of the primary tumor, 89202} yndifferentiated
histopathologic features,>81922 lymphatic or bleod vessel
invasion, 22102021524 and cancerous ulceration®!2!3 have been

ETable 28

Univariate Logistic Regression Analysis of Node-Positive Early Gastric Cancers

Parameter Qdds Ratio 95% Confidence Interval P
Location (middle and upper vs lower)” 1.990 0.9264.277 NS
Size 1.028 1.008-1.047 .0046
Cancerous ufceration 2.181 0.989-4.806 NS
Grade of cancer differentiation {low vs high) 2.601 1.157-5.846 .0207
Lymphatic invasion 4.667 1.740-12.5612 0022
Blood vessel invasion 3.802 1.169-12.363 .0264

* Middle, upper, and lower thirds of the gastric surface area.

ETable 38

Multivariate Logistic Regression Analysis of Node-Positive Early Gastric Cancers

Parameter Odds Ratio 95% Confidence Interval P
Size 1.030 1.010-1.049 0023
Grade of differentiation {low vs high) 2073 0.952-4.6517 NS
Lymphatic invasion 3.987 1.404-11.325 0094
Blood vessel invasion 3.646 0.996-13.353 NS
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considered as parameters of lymph node metastasis in EGC. In
this study, the multivariate logistic regression analysis demon-
strated that lymphatic invasion was a significant independent
predictor of regional lymph nede metastasis in EGC, whereas
blood vessel invasion was not a significant predictor.

It is desirable that logistic analyses be conducted on a
large sample and the results analyzed blindly, but it was not
possible in the present study becanse EGC with lymph node
metastases accounts for only 10% of reported cases in litera-
ture and although our data in the past 15 years on node-nega-
tive cases are vast, pathologic materials and information on

BImage 28 The arrows in the image indicate the circurmferences of the lymphatic vessels. & and B, Lymphatic invasion is evident

patients’ backgrounds were insufficient. Thus, subjects in 2
groups in the present study were matched by age and sex.
Although we tried to avold biases on comparative variables as
much as possible, it is undeniable that unseen variables could
have influenced our results. The results of the present study
were also confirmed by results obtained in previous studies.
For lymphatic invasion, because the lymphatics are a route
to lymph nodes, it would be reasonable to conclude that lym-
phatic invasion is one of the predictors of lymph node metasta-
sis. However, previous studies have not been able to clarify the
differences between Iymphatic and blood vessel invasion.

N 3 L - - - -

just beneath the lamina muscularis mucosae (8, LYVE, x100; B, LYVE, x200). LYVE, lymphatic vessel endothelial hyaluronén

receptor1.
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In 1999, Banerji et al® identified the human LYVE-1
melecule as a major receptor of hyaluronan at the surface of
the lymphatic endothelium. However, immunohistochemicat
detection using a previous LYVE-1 antibody was possible in
only some pathologic tissue samples but difficult in most
pathologic tissue samples.

We developed a new LYVE-1 antibody. Our LYVE-1 anti-
body has a higher specificity for lymphatic endothelial cells than
previous LYVE-1, podoplanin,?® prox-1,7 desmoplakin,28
D6, the mannose receptor,’® and D2-403! Furthermore, our
LYVE-1 antibody could detect lymphatics under various condi-
tions'® that previously caused difficulty in detection.

By using these methods, we observed lymphatic invasion
in EGC. Most lymphatics were found just beneath the lamina
muscularis mucosae, and they were generally not seen within
the mucosa. It has been accepted that the lymphatics arise only
in the mucosa below the bases of gastric glands. Lymphatic
vessels in the mucosal layer have no endothelial lining and so
could be termed tissue channels rather than lymphatics32
Thus, because of these anatomic features, it is likely that Jym-
phatics are not demonsirable in the mucosa by LYVE-1 even
when a large number of such tissue channels are invaded by
cancer cells in the gastric mucosa,

In addition, lymphatics were almost never found in the cen-
tral portion of the primary cancer. However, lymphatics distrib-
uted at the periphery of the cancer, which remained intact,
showed distinct LY VE-1 positivity. It is conceivable that the can-
cer cells make contact with lymphatics in the central portion of
the primary tmumor and destroy the lymphatic structure in that
area. Microscopic examination of lymph vessel detected numer-
ous lymph vessels, particularly those inside cancer masses with
structural defects and fragmentation due to cancer cell invasion.
The fragments from lymphangial epithelia were successfully
stained with LYVE-1 antibody, suggesting the presence of lym-
phatic invasion. However, for the purpose of accuracy of the
study, only cases with lymph vessels with complete structure
were counted to confirm lymphatic invasion. Therefore, it is pos-
sible that because of the limitations of the antibody and statisti-
cal methods, only 30% are seen to have lymphatic invasion.

In recent years, minimal surgical procedures such as
endoscopic techniques and laparoscopic resection have been
developed to treat EGC; however, there remains a serious
problem of ignoring the status of regional lymph nodes in
such treatments. When we encounter lymphatic invasion at the
primary site by microscopic examination of EGC, we need to
consider the possibility of regional lymph node metastasis.
Thus, the LYVE-1 antibody could be further explored by
using it to identify lymphatic invasion in clinical situations by
immunohistochemical analysis.
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Abstract

The curreat status of gastric cancer screening, worldwide, as
well as in Japan, using the serum pepsinogen test method, was
reviewed. We performed a metaanalysis of sensitivity and
specificity results from 42 individual studies (27 popuiation-
based screening studies: n = 296 553 and 15 selected groups:
= 4 385). Pooled pairs of sensitivity and false-positive rates
(FPx) for pepsinogen 1 level 5 70 ng/ml; pepsinogen /11 rafio <
3, had a sensitivity of 77%/FPr27%. The positive predictive
value varied between 0.77% and 1.25%, and the negative
predictive value varied between 99.08% and 99.90%. There-
fore, we concluded that the definition of the pepsinogen fest
should include the pepsinogen E1 ratio, as consistency was
obtzined for both the population-based studies and the se-
lected groups for these studies that used pepsinogen § serum
levels together with the pepsinogen ¥/EE ratio for screening for
gastric cancer in high-incidence regions other than Japan. In-
dividuals testing positive for extensive airophic gasiritis by
serum pepsinogen levels undergo endoscopic examination to
test for the presence of gasiric cancer. We should increase the
efficacy and cost-effectiveness of the gasiric cancer screening
system, by the identification of groups, at low-risk, as well as
those at high-risk, of developing gastric cancer, using a combi-
nation of assays of serum Helicobacter pylori antibody titers
and the conceniration of pepsinogen I and IL. In cenclusion,
the pepsinogen test method can be used as a screening test for
high-risk subjects, rather than as a tool for screening for can-
cer itself, § hope that this pepsinogen test method will becoine
a world standard for gastric cancer prevenfion in the near
future, in other countries, as well as in Japan.

Key words Gastric cancer - Cancer screening - High-risk
group - Serum pepsinogen - Helicobacter pylori antibody
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Intreduction

Gastric cancer remains one of the leading causes of
cancer-related death worldwide [1]. The highest rates
of gastric cancer are in Costa Rica, Chile, and Japan;
one of the lowest rates is in the United States, In Japan,
a gasiric cancer screening program was introduced
in the 1960s as a public health service and this has
gradually been extended to include the whole nation.
Currently, screening is performed throughout the
country, and more than 6 million people annuaily un-
dergo screening provided by either a community service
or in the workplace. As a result, thousands of stomach
cancer cases are detected each year, and the cancer
screening has greatly contributed to a reduction in
gastric cancer mortality rates [2,3]. Screening ‘most
frequently includes the use of double-contrast barium
X-rays or panendoscopy, as well as photofluorography.
Recently, serum pepsinogen tests were introduced
for mass screening to identify individuals at high risk
for gastric cancer. Individuals testing positive for exlen-
sive atrophic gastritis, based on their serum pepsinogen
levels, undergo endoscopic examination to test for
the presence of gastric cancer. The results of the
serum pepsinogen screening tests are comparable and,
in some respects superior to, those of traditional screen-
ing {4-7]. The objective of this review is to describe the
current status of gastric cancer screening, using the se-
rum pepsinogen test method, worldwide, as well as in
Japan.

Gastric cancer, despite a recent decline in its inci-
dence, is still the second leading cause of cancer deaths
in Japan. For this reason, much effort has been directed
to the early detection of cancer, using mass screening
programs throughout the country. At present, as de-
scribed above, about 6 million people are screened an-
nually, by photofiuorography; however, the sensitivity
of this method is by no means high if endoscopy is used
as a yardstick [4,7,8]. In contrast, the measurement of
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serum pepsinogens has recently gained attention as
a new screening test for gastric cancer [4-12]. This
method is particularly attractive given its lower cost and
simplicity to administer relative to photofluorography
[4,7-9,12,13].

Serum pepsinogen

Serum pepsinogen consists of two biochemically and
immunologically distinct types, namely, pepsinogen [
(PGI) and pepsinogen 1I (PGII) (PGI is also called
PG“A”, and PGII is also called PG*C”). PGl is pro-
duced by chief and mucous neck cells in the fundic
glands, while PGT] is produced by these cells and also by
cells in the pyloric glands and Brunner’s glands 1,14~
16]. Tt is widely accepted that serum pepsinogen levels
reflect the functional and morphologic status of the gas-
tric mucosa. As the fundic gland mucosa is reduced,
PGl levels gradually decrease, whereas PGII levels re-
main fairly constant [4,6]. As a result, a stepwise reduc-
tion of the PGI/II ratio is closely correlated with the
progression from normal gastric mucosa to extensive
atrophic gastritis; this ratio of more than 3 has a sensitiv-
ity of 93.3% and specificity of 87.7% for the diagnosis of
normal fundic gland mucosa [4,6].

Pepsinogen test method

It is generally accepted that serum pepsinogen concen-
trations are related to gastritis, and gastric mucosal le-
sions, with a particular relationship to chronic atrophic
gastritis (CAG) [4,5,17-19]. At least for intestinal-type
{20] gastric carcinoma, CAG is considered to be a
preceding condition in the sequential histopathological
changes that lead to cancer [21-23]. Pepsinogen has
therefore been used as a serological biopsy for more
than 20 years in different countries and different sets of
patients [24-33].

Generalized screening as it is practiced in Japan
may not be feasible in other countries. Owing to its
low positive predictive value, some authors [34] have
reported their concern about the effectiveness and
applicability of the pepsinogen test for gastric cancer
screening in countries with a lower prevalence of gastric
cancer than that in Japan. Furthermore, significant
differences in methodologies may prejudice the
assessment of consistency. For instance, different cutoff
values are used for the definition of positivily; either
pepsinogen I levels [28,35-37] or both pepsinogen I and
I1 {14-16] are considered; and not all studies have con-
sidered other factors, such as sex, age, and smoking
and drinking habits, and Helicobacter pylori infection,
factors which are said to influence pepsinogen levels.

K. Miki: Pepsinogen in gastric cancer screening

Nevertheless, as a noninvasive lest, pepsinogen screen-
ing deserves further evaluation.

Based on the assessment of consistency of diagnostic
validity among studies, we first aimed to evaluate the
use of pepsinogen as a screening for gastric cancer in
terms of the best methodology (pepsinogen 1 alone, or
pepsinogen I and II), and with regard to the best cutoff
point. We also aimed to define the usefulness of pepsi-
nogen tests for identifying individuals with CAG and
other associated lesions; namely, intestinal metaplasia
and low-grade dysplasia, as in most Western countries
the strategies for an early diagnosis of gastric cancer
have been focusing on follow-up protocols for these
individuals. It is generally accepted that following up

these lesions is required for an early diagnosis of gastric
cancer [38].

Review of the lilerature: pepsinogen test for
gastric cancer screening

We performed a metaanalysis of sensitivity and specific-
ity results from individual reports on the use of pepsino-
gen tests. An intrinsic cutoff effect was assumed, and a
random-effect model was used for pooling, as reported
previously [39]. After defining the search strategy (see
“inclusion criteria” below), published articles on pepsi-
nogen test validity were found, using a computer-aided
search in the Medline database (PubMed) and data re-
ports from Fapan.

Articles in any language were considered. Quality
criteria for the inclusion of a study were defined as
follows:

1. Clear definition of the study population and of avail-
able data on variables such as age, sex, smoking or
alcohol habits, and Helicobacrer pylori infection had
to be noted.

2. Only those studies in which gastric endoscopic ex-
amination {with biopsies) was performed as a refer-
ence test or gold standard were considered. Two
different results were considered: diagnosis of gastric
cancer; and diagnosis of lesions associated with
gastric cancer, such as atrophy or dysplasia. It was
assumed that, as diagnosis is based on histology, defi-
nitions had not changed since the time during which
the studies took place, and it was also assumed
that there were no differences between definitions
used by Japanese and Western pathologists. Also,
“adenoma” was considered to be a synonym of
low-grade dysplasia. Of note, a discussion of histo-
pathological classifications is beyond the scope of
this text. _

3. Radioimmunoassay [36,40,41] and enzyme immu-
noassay [42,43] were acceptable as methods for
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pepsinogen test definition, as long as results were
expressed in nanograms per milliliter (ng/ml) or the
equivalent. A pepsinogen test was defined as the
measurement of at least pepsinogen I, but ideally of
both pepsinogens, and thus the measurment of the
pepsinogen VI ratio. All cutoffs for positivity were
considered as long as they were clearly defined or
easily determined from the “methods” or “results”
sections of the study.

Studies that were not related to the clinical use of
pepsinogen for the diagnosis of gastric cancer and which
did not conlain any data on pepsinogen levels and their
variation in relation to gastric lesions were excluded.

A standardized data extraction form was used, after a
short period of pilot use by two reviewers. Agreement
was obtained on dala and studies to be included, and on
those data to exclude or not to consider for statistical
analysis.

Further assessment of heterogeneity was estimated
by using a chi-square test with Meta-DiSc for Windows
(version 1.0.9; XI Cochrane Colloquium, Barcelona,
Spain). A random-effect mode! was used for pooling
sensitivity, specificity, and the estimated diagnostic odds
ratio (DOR), by addressing both within-study sampling
error and variation between studies. We assumed an
implicit cutoff effect; thus, we considered diagnosis
(cancer or precancerous) and the best cutoff after pool-
ing for each outcome.

The time range of the pepsinogen search was from
1982 to 2002.

Forty-two data sets [4,5,11,12,18,44-81] were in-
cluded: 27 (64%) population-based screening studies
(n=296553) and 15 (36%) selected groups (n = 4385).
Measurement of serum pepsinogen concentration was
carried out using either radioimmunoassay {40,41] or
enzyme immunoassay [30,42,43]. Homogeneous sensi-
tivity and DOR estimates were found in studies using
both pepsinogen I levels and pepsinogen I/11 ratio calcu-
lations. Pooled pairs of sensitivity and false-positive
rates (FPr) for pepsinogen 1 < 70 ng/ml; pepsinogen I/11
ratio < 3, pepsinogen I < 50ng/ml; pepsinogen I/II ratio
<3, and pepsinogen I <30 ng/ml; pepsinogen VI ratio <
2, had sensitivities of 77%/FPr27%, 68%/FPr31%,
and 52%/FPr16%, respectively. The positive predictive
vilue (PPV) varied between 0.77% and 1.25%, and
the negative predictive value (NPV) varied between
99.08% and 99.90%. In selected groups, pooling was
possible only when considering pepsinogen I < 70 ng/mt;
pepsinogen Ul ratio < 3: giving sensitivity, 57%; speci-
ficity, 80%; PPV, 15%; and NPV, 83%. As for the diag-
nosis of dysplasia, studies considering pepsinogen I <
S0ng/ml; pepsinogen I/II ratio < 3 obtained a sensitivity
- of 65% and specificities ranging from 74% to 85%, both
with NPV > 95%. We concluded that the definition of
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the pepsinogen test should include the pepsinogen I/II
ratio, as consistency was obtained with this ratio, bothin
population-based studies and in selected groups for
those studies that used pepsinogen I serum levels to-
gether with the pepsinogen I/IT ratio for screening for
gastric cancer in high-incidence regions other than Ja-
pan. Further studies of this test in the management of
high-risk patients seem to be warranted [39).

A diagnostic test should be reproducible and valid;
those tests with a screening purpose, in particular,
should be free of discomfort or risk. For the gastrointes-
tinal tract, direct visualization through endoscopic ex-
amination is probably the best method for the diagnosis
of most protruding and depressed cancer lesions. It
easily allows the collection of mucosal specimens for
histopathological evaluation, although very high inter-
observer variability and sampling errors exist for flat
lesions and changes, including gastric atrophy, intestinal
metaplasia, and even dysplasia. But endoscopic exami-
nation is invasive, not patient-friendly, and-is not always
easily accessible. Furthermore, scréeening tests ‘should
be economical. Qhata, based on the results of the 2001
annual report of gastric cancer screening prepared by
the Japanese Association of Gastrointestinal Mass
Screening in 2002, reported that initial screening with
conventional barium X-ray cost 3500 yen per subject,
and endoscopy cost 13000 yen per subject. The total
cost for the screening program was estimated as
25393209000 yen per year. The cost required to find a
single case of gastric cancer can be estimated as 4408543
yen, whereas, using the pepsinogen test alone, the cost
decreased to 2275387 yen [13]. Therefore, the selection
of individuals for endoscopic examination according to
the results of noninvasive tests (for instance, the use of
the fecal occult blood test [FOBT for colon and rectum
neoplasias) seems to be attractive for most screening
programs.

When should pepsinogens be measured?

Pepsinogen levels in blood seem to be related to func-
tional changes in the stomach, and their use as serologi-
cal biopsy has been reported for over 20 years
[17,18,71,74). We focused mainly on the diagnosis of
atrophy, as its relation with gastric cancer has been
reported. In most Western countries, the focus was on
the identification of individuals for intervention studies,
whereas in Japan the use of pepsinogen levels was
meant to identify those for endoscopic examination,
and those at risk for gastric cancer. It is not surprising
that studies with different purposes tend to use different
methodologies. :
Some questions remain unanswered; namely, the con-
sistency of the pepsinogen test in several countries and
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population sets, and the definition of the optimal cutoff.
It is always ambitious to consider a metaanalysis, be-
cause even if all articles are tracked, publication bias is
always troublesome. Furthermore, with the previously
stated heterogeneity of methods, it is almost an impos-
sible task, and probably for that reason no metaanalysis
has been performed before now on the validity of the
pepsinogen test for identifying gastric cancer or prema-
lignant gastric lesions. We decided to evaluate the re-
sults of several studies and reports, focusing our search
mainly on reports from different countries and reports
with different purposes (screening or follow-up). We
considered addressing the reproducibility of the pepsi-
nogen test by using sensitivity and specificity measures,
as these measures show little variation with the preva-
lence of the disease. Assuming that cutoff points have
an intrinsic effect on test validity, we first aimed to
assess consistency according to the different cutoff lev-
els used, and then we aimed to pool and define the best

discriminatory value for the diagnosis of cancer or other
tesions, if possible.

Factors affecting pepsinogen levels

Globally, low PPVs were found in population studies.
To overcome this problem, some authors tried to adjust
cutoff or modify strategies {55,74,75] by measuring con-
founding factors known to influence pepsinogen levels
in blood. From our analysis we were only able to find
out that the pepsinogen I/II ratio tended to decrease
with age and with the presence of H. pylori, but it was
not possible to define any modification on cutoff. There
were no conclusions in relation to other factors, such as
sex or smoking and drinking habits. Age seems to be
related to an increase in acid sécretion in humans [76];
however, the decrease in pepsinogen I level and the
pepsinogen I/11 ratio found in most studies may be re-
lated not to age but to atrophic changes diagnosed from
these findings. The presence of H. pylori, assessed
either by serological evaluation or by immunohisto-
chemistry in biopsy specimens, in conjunction with in-
flammation, seems to increase pepsinogen I and II
levels and to decrease the pepsinogen UII ratio [77-79].
Furthermore, as IgG may persist for several years after
the disappearance of H. pylori infection, its measure-
ment in high-incidence countries may not be effective
for diagnosis, as no information is gained. Some authors
consider that the value for H. pylori negativity is more
important. That is, in high-prevalence countries, it may
be more important to diagnose an individual with gas-
tric atrophy or other changes as negative for H. pylori;
this finding could mean that a long time had passed
since infection and that mucosal changes had occurred,
thus representing a great risk of cancer [13,82-84].
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According to' our review, around 600 individuals
should be screened, using the pepsinogen test, to diag-
nose one gastric cancer in Japan [13,85,86]. Considering
that the main drawback is the positive rate (around
20%), this strategy has to be available at a low price, as
it is in Japan (at present, the cost of measuring both
pepsinogen I and II can be covered by 1000 yen, which
is less than US $10 at current exchange rates). It could
be an attractive strategy, as 75% of all gastric cancers
discovered in these studies [13,85,86] were early gastric
cancers (EGCs} {6,11,80,85], of curable forms with al-
most 100% S-year survival. It was possible to evaluate
the best strategy for screening as the use of pepsinogen
[ <70ng/ml; pepsinogen VI ratio < 3. Pooled sensitivity
for these values [13,85,86] was 77.3% and specificity,
732%. Studies using only pepsinogen I obtained het-
erogeneous results, even considering obvious differ-
ences after cutoff, probably related to other factors, as
discussed above. Only the pepsinogen I < 30 ng/ml; pep-
sinogen I/II ratio < 2 criteria, and not the pepsinogen I
< 50ng/ml; pepsinogen I/I1 ratio < 3 showed a significant
increase in specificity (84%) compared to the pepsino-
gen I < 70ng/ml; pepsinogen I/IT ratio < 3 criteria.

We also noted very high NPVs in all studies, which
did not differ between the population-based studies
and the selected group studies (99.9% and 80%, respec-
tively), even considering expected differences in
prevalence. This could be the rationale for using the
pepsinogen test under follow-up scenarios. As stated
above, endoscopy shows low inter-obsérver agreement
as far as neoplastic and non-neoplastic flat lesions are
concerned. The use of a noninvasive test; simultaneous
measurements of pepsinogen I and I, which reflect all
variations in gastric mucosal status, may be able to allow
the allocation of some patients, who would otherwise
undergo several, eventually inefficacious examinations,
to a less intensive follow-up scheme. Screening in Japan
has already used this strategy, as a further pepsinogen
assay is proposed only 5 years after a negative result in
any individual [29,86}. Although no study has specifi-
cally analyzed the relationship between the decline of
the pepsinogen I/I ratio and the risk of gastric cancer
[81], it was noted that variations in the pepsinogen I/11
ratio were thought to reflect mainly the advance of atro-
phy. Other authors [71] showed that a mean pepsinogen
I/1I ratio of gastric cancer was lower than that for CAG,
for dysplasia, and for intestinal metaplasia. In Western
countries, where gastric cancer has been declining,
these results may be more attractive for early diagnosis
strategies, focusing on the follow-up of patients with
precancerous lesions. Unfortunately, we were not able
to assess and define the best cutoff for this purpose; this
inability to define the best cutoff may be related to
various factors: the low inter-observer agreement in the
endoscopic assessment of atrophy, the biopsy protocol
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and sample error, and even differences among patholo-
gists. We can speculate that the cutoff should be the
same as the one used for the diagnosis of gastric cancer,
as, in fact, the intention is to measure functional
changes after atrophy. The highest specificity and NPV
were noted when the cutoff pepsinogen 1 < 30ng/m};
pepsinogen /11 ratio < 2 was used. As most follow-up
programs may be endoscopy-based, the most important
factor is to accurately diagnose the absence of disease or
severe lesions.

To conclude this section, the use of the same cutoff
for positivity of the pepsinogen test obtained similar
and comparable results in different sets of individuals
and in different countries, both for the diagnosis of such
neoplastic gastric lesions as dysplasia and for the diag-
nosis of carcinoma, a finding that attests to the consis-
tency of the test. Thus, if the pepsinogen test could be
made available at a reasonable cost for a screening sce-
nario in high-incidence regions other than in Japan, and
for the management of high-risk patients, studies to
assess the efficacy and the validity of the test would
seem to be worthwhile, as no other noninvasive test has
revealed better results to date.

The definition of the pepsinogen test should include
the pepsinogen I/Il ratio, as homogeneity was obtained
both in population-based studies and in selected groups
for those studies that used pepsinogen I serum levels
together with the pepsinogen I/II ratio. For gastric
cancer screening in high-incidence regions other than
Japan, and for the management of high-risk patients,
further studies using this test would seem to be worth-
while, as stated before.

Usefulness of gastric cancer screening using the serum
pepsinogen test method

To compare the accuracy of the two screening methods
- X-ray and pepsinogen test — and to elucidate the
usefulness of the serum pepsinogen test method, we
performed a study in Toyama Prefecture, which is lo-
cated in the northern part of Japan [7]. Its total popula-
tion is about 1000000, with a registered gastric cancer
death rate, in 1998, of 70.7/100000 in men and 39.3/
100000 in women. These figures are higher than the
mean gastiric cancer death rates for the whole country in
1998 (men, 53.6/100000; women, 27.6/100000).

This study was specifically designed for the screening
of a high-risk gastric cancer group, using the both the X-
ray and pepsinogen test methods simultaneously in the
same study subjects. They had lived in the same district
during the study period, and the incidence (i.e., sensitiv-
ity} of detected gastric cancer cases and the PPV were
comparable for the two methods, using endoscopy as a
yardstick. These resulls suggest to us that the pepsino-
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gen test method is superior (o the conventional X-ray
method, although the results of the former may have
overestimated the detection of gastric cancer compared
with the latter, because-the pepsinogen test method
was conducted as prevalent screening while the X-ray
method was done as incidental screening [87]. To date,
few studies have directly examined whether the pepsi-
nogen test method reduced gastric cancer mortality,
except for a study in Adachi City in Tokyo and Kake
City in Hiroshima Prefecture of Japan [88).

The single use of the pepsinogen test is by no means
sufficient for gastric cancer screening; however, it pro-
vides a valuable measure for selecting the population
that needs further screening with endoscopy [4,18]. As
described above, the serum pepsinogen test was intro-
duced for cancer screening to identify individuals with
extensive atrophic gastritis [5]. Individuals testing posi-
tive for extensive atrophic gastritis by serum pepsino-
gen levels (pepsinogen I < 70ng/ml, pepsinogen /11
ratio < 3.0) undergo endoscopic examination {o test for
the presence of gastric cancer. These test cutoff values
have shown a sensttivity of 80%, specificity of 70%,
cancer detection rate of 0.44%, and a PPV of 1.5%,
using endoscopy as a yardstick [86]. In the past 10 years,
a considerable number of screening services provided
by workplaces and also by community health services
have adopted the pepsinogen serum tests as a primary
screening tool [86]. The results of these screenings dem-
onstrate that the cancer detection rate of the screening
with the serum tests is superior to and more cost-
effective [5-7,12,13,86] than the conventional barium X-
ray mass screening. Furthermore, the percentage of
early cancers detected by the new serum test screening
is higher than that detected by conventional screening,
and a considerable number of patients with these early
cancers have been successfully treated by endoscopic
surgery [11,12,85]. Because the tests detect extensive
atrophic gastritis coexisting with cancer, it is possible
that the diffuse (poorly differentiated) type [20] of can-
cer would not be detected by the serum tests. The re-
sults of the mass screenings, however, clearly indicate
that this is not true, although the serum iest screening
is especially useful in detecting small asymptomatic
cancers, nonulcerated morphology type, and well-
differentiated histology type [6,7,11,45,86]. Small
asymptomatic cancers of these types are relatively
difficult to detect using barium X-rays, whereas conven-
tional screening is good for detecting cancers with an
ulcerated morphology type and those with a poorly dif-
ferentiated histology type, as well as advanced cases,
which are frequently symptomatic. Because the cancers
detected by the two screening methods are different,
the combination of the two screening methods has
greatly improved the screening efficacy and is more
cost-effective than either method alone [6,7,13,45,86).
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Recently, Ohata et al [13] showed a small overlap be-
tween the cancers detected by the pepsinogen test and
those detected by X-ray screening. We have already
recommended several stralegies, including concurrent
.and serial combinations of serum pepsinogen measure-
ment and photofluorography, as well as the single pep-
sinogen test method [6,7,13,45,86].

In any particular mass screening area, we have to
select the best screening system, depending on each
individual case, according to the prevalence of gastric
cancer, especially in the early stages [45,86]. Although
gastric cancer cells are found to produce pepsinogen 11
more often than pepsinogen I [14-16), elevated pepst-
nogen values in serum are extremely rare, and only one
case has ever been reported in such patients [89], be-
cause the amount of pepsinogens which are produced
by gastric cancer cells is too small compared to the
amount of pepsinogen I and If which are normally se-
creted into gastric lumen and only 1% of the amount
secreted enters the circulation.

Advantages of the pepsinogen test method

The pepsinogen test method has many advantages com-
pared to the X-ray method. That is, it is more sensitive.
It is easy to carry out and patients do not feel much
discomfort. There is no radiation exposure, and there
are no side effects experienced from barium ingestion.
This method is less expensive, it is fast, and many serum
samples can be analyzed simultaneously [6,9,12].

Pepsinogen test kits now available in Japan

Fifteen kinds of pepsinogen test kits, launched by 12
companies, are now available in Japan (Table 1). The

K. Miki: Pepsinogen in gastric cancer screening

pepsinogen test kits are convenient to use and can be
used by ancillary medical staff for the measurement of
humanp serum samples, as well as for urine, ascites, and
tissue extracts. Therefore, it seems to us that the pepsi-
nogen lest method has a promising future,

Validity of Helicobacter pylori antibody titer for
gastric cancer screening

In Japan, H. pylori infection and other unknown expo-
sure factors may have played an important role in the
development of chronic atrophic gastritis [24]. In Japan,
H. pylori infection is associated with a significantly
increased risk of atrophic gastritis [90,91] and the
development of gastric cancer, especially early gastric
cancer, by providing a suitable environment for carcino-
genesis of the gastric mucosa, such as gastric atrophy
and intestinal metaplasia [36,92,93]. Extensive atrophy
may cause a loss of H. pylori infection, with a conse-
quent reduction in the antibody titer. In addition, in
advanced gastric cancer, lower antibody titers may be

partly attributable to a diminished immune response
[82].

Gastric cancer screening strategy in the near future

In the near future, we should increase the efficacy and
cost-effectiveness of gastric cancer screening systems,
by the identification of populations at low risk
[7,13,83,84,88], as well as those at high risk, of develop-
ing gastric cancer. For this purpose, combination assays
of the serum H. pylori antibody titer and the concentra-
tions of pepsinogen I and II should be used. Both serum
measurement and H. pylori / CagA assays [46,68,88,94~
96] may be beneficial in serological screening strategies,

Table 1. List of manufacturers of pepsinogen test kits available in Japan

Manufacturer

Assay System Year launched

Dainabot Co., Ltd. (Abbott Japan Co., Lid. Tokyo)
Wako Pure Chemical Industries, Ltd. Osaka

Eiken Chemical Co., Ltd. Tokyo

International Reagents Corporation. Kobe

Sanwa Kagaku Kenkyusho Co., Ltd. Nagoya
Kainos Laboratories, Inc. Tokyo

Azwell Inc. Osaka

.Kyokuto Pharmaceutical Industrial Co., Ltd. Tokyo

Iatron Laboratories, Inc. (Mitsubishi'Kagaku Iatron, Inc. Tokyo)

Kyowa Medex Co., Ltd. Tokyo
Shima Laboratories Co., Ltd. Tokyo
Fujirebio Inc. Tokyo

IRMA, CLIA 1992, 2000
EIA, CLEIA 1997, 2000
EIA, CLEIA 1997, 2000
EIA 1997
LIA 1999
EIA 1999
ELISA 2000
ELISA 2000
LiA : 2000
ELISA 2001
LIA 2002
EIA 2005

TRMA, immunoradiometric assay; CLIA, chemiluminescent immunoassay; EIA, enzyme immunoassay; CLEIA, chemiluminescent enzyme
immunoassay; LIA, latex immunoassay; ELISA, enzyme-linked immunoassay
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but cohort studies, evaluating these tests for screening
purposes, need to be done.

Conclusion

In conclusion, the pepsinogen test method can be
used as a screening test for high-risk subjects with
atrophic gastritis, rather than as a tool for screening
for cancer itself. Systematic endoscopic surveillance of
this high-risk group is also useful. These strategies
would require empirical assessment, using mortality
as an endpoint. The international collaboration of
health professionals should be encouraged to further
advance, the prevention and control of this global epi-
demic. We hope that the new serum pepsinogen test
method will become a world standard for gastric cancer
prevention in the near future. We also hope that, in
other countries (especially in developing countries,
which have high incidences of gastric cancer), as well as
in Japan, there will be improvements in endoscopic
skills in diagnosing early gastric cancers with subtle
mucosal changes.
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